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Outline
•Single top production 
•MVA 
•Cross section measurements in 10 fb-1  
•Vtb 
•Conclusions
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Single top production
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• W’, fourth generation quarks, charged Higgs 
• gluon FCNC 
• anomalous Wtb couplings 
• Dark matter in association with single top 
• measure s-, t-channel cross sections → sensitive to different new physics
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Tevatron single top history
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Tevatron single top history
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Tevatron single top history
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Tevatron single top history
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See Florencia’s talk on Friday
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Single top history
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Single top with 10 fb-1 
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Tevatron s-channel combination    PRL 112, 231803 (2014)
Tevatron s+t combination               (PRL) arXiv:1503.05027
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Single top event selection
•Lepton + jets selection (CDF and D0): 

-1 Lepton, large MET 
-2 or 3 jets  
-≥ 1 b-tagged jet 
-Veto “non-W”, Z, dileptons,  

conversions, cosmics 
•Expected signal events: 

~250 s-channel 
~400 t-channel 

•MET + jets selection (CDF): 
-Large MET, veto leptons 
-2 or 3 jets 
-≥ 1 b-tagged jet  
-Neural network to suppress QCD background 
-~250 s-channel events expected
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Background composition
•W/Z+jets 

-W+jets Normalization and flavor composition from data 
-W+jets shape from simulation 
-Diboson from simulation 

• top pair production 
-normalization to NNLO 
-Shape from Alpgen 

•QCD multijet production 
-Normalization from data 
- Shape from data 

•VH 

•Total: 
-  105 events (lepton+jets) 
-  106 events (MET+jets) 
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W/Z + jets

single
top
signal

top pair

MultijetHiggs



12 Reinhard Schwienhorst

Data	  
s-‐channel	  
t-‐channel	  
W+jets	  
Diboson	  
top	  pairs	  
Multijets

Discriminating variables

Q(lepton) × η
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Top reconstruction

Discriminating variables
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Reconstructed object kinematics
Event kinematics

Angular correlations

Jet reconstruction
Top reconstruction

! Started from ~ 600 variables 
! Considered ~200 for multivariate filters 
! Chose 10-20 depending on method

Discriminating variables



Multivariate Analysis Methods
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            Input:  
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Event energy
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.....

         Method: 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Bayesian neural networksBoosted decision trees Matrix Elements

Cut-Based Neural networks Decision trees Likelihood

Neuro evolution

[   ]



Multivariate Analysis Methods

15 Reinhard Schwienhorst

15

        Output: 
signal likelihood

            Input:  
discriminating variables

Event energy
Quark jet angle

P(signal)

.....

         Method: 
multivariate analysis

Reconstructed top mass

Bayesian neural networksBoosted decision trees Matrix Elements

Cut-Based Neural networks Decision trees Likelihood

Neuro evolution

[   ]



MVA distributions
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Data	  
s-‐channel	  
t-‐channel	  
W+jets	  
Diboson	  
top	  pairs	  
Multijets

•CDF: lepton+jets  
s+t discriminant 

•D0: s-channel, t-channel 
-Probability-based combined 

discriminant



MVA discriminant in MET+jets
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     t-channel     s-channel

•s-channel optimized discriminant 
• t-channel discriminant if NN(s-channel)<0.6
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Tevatron combined s-channel discriminant
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•Statistical analysis including all 600 bins of CDF and D0
discriminants

-600 bins total
• Include all systematic uncertainties and their correlations
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Tevatron combined s-channel discriminant
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Tevatron s+t discriminant
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t-channel vs s-channel
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s-channel cross section [pb]
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0 1 2 3 4

Tevatron Run II single top quark summary

Cross section [pb]
 = 172.5 GeV tm

Measurement Cross section [pb]
s-channel:

t-channel:

s+t:

CDF   -0.32
 +0.371.36

D0   -0.31
 +0.331.10

Tevatron   -0.24
 +0.261.29

CDF   -0.36
 +0.381.65

D0   -0.49
 +0.543.07

Tevatron   -0.31
 +0.292.25

CDF   -0.48
 +0.493.02

D0   -0.55
 +0.604.11

Tevatron   -0.40
 +0.523.30

Theory (NLO+NNLL)
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Vtb

• σs+t ∝ |Vtb|2 
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Vtb
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Summary
•Tevatron established single top and paved the way 

-MVA techniques at hadron colliders 
-Measurements with MET+jet 

•Precision measurements of t-channel, s-channel, s+t 
-Cross sections, Vtb, width, couplings, new physics 

•Tevatron single top program exceeded all expectations
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Backup slides
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Thanks!
•Tevatron physics for the informed public  

http://www.fnal.gov/pub/today/frontier_science_result 
•Tevatron single top combinations  

http://tevewwg.fnal.gov/singleTop/ 
•CDF top physics results:  

http://www-cdf.fnal.gov/physics/new/top/top.html 
•DØ top physics results:  

http://www-d0.fnal.gov/Run2Physics/top/
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http://www.fnal.gov/pub/today/frontier_science_result
http://tevewwg.fnal.gov/singleTop/
http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-d0.fnal.gov/Run2Physics/top/
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Parton luminosities
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t-channel
single top top pairs


